Background: The purpose of this retrospective study was to evaluate the feasibility and efficacy of definitive concurrent chemoradiotherapy (CCRT) with capecitabine and cisplatin for elderly patients with locally advanced esophageal squamous cell carcinoma. Methods: A total of 90 patients were included from two different centers. Fortynine patients were treated with CCRT consisting of capecitabine (850 mg/m 2 , oral, twice a day for 1-14 days) and cisplatin (20 mg/m
Introduction
Esophageal cancer is the eighth most common cancer worldwide and the overall prognosis for patients is still poor. 1 While esophageal adenocarcinoma has emerged as the major histological subtype in Western countries, squamous cell carcinoma is the more common histology in certain geographic areas, including Brazil, northern China, Iran, Russia, and South Africa. 2 Esophageal squamous cell carcinoma (ESCC) occurs at a median age of ≥ 65 years. 3 Therefore, it is important to obtain a valid and bettertolerated therapeutic choice for elderly patients with ESCC. The treatment modality for esophageal cancer includes surgery, radiotherapy (RT), chemotherapy, or combination therapy. For elderly patients with unresectable tumors or those who are medically unfit for surgery, RT and chemotherapy are two treatment options that can achieve both symptomatic relief and survival prolongation. In general, elderly patients have not been adequately considered in randomized clinical studies, and this age group is often considered ineligible for curative intended concurrent chemoradiotherapy (CCRT) as a result of age and the presence of comorbid illnesses. 4 More importantly, the CCRT treatment dose is usually based on the results of clinical studies, which have commonly concentrated on non-elderly patients. 5, 6 The most commonly used chemotherapy agents for definitive chemoradiotherapy are 5-fluorouracil (5-FU) and cisplatin. Unfortunately, studies have shown that the elderly have relatively poor compliance of combined modality therapy, resulting in decreased survival and serious bone marrow and gastrointestinal toxicities. 7, 8 To improve clinical outcomes, several combinations of chemotherapy with RT have been evaluated. Studies have shown that thymidine phosphorylase, the key enzyme involved in the final activation step for capecitabine, is active in several tumor tissues compared to normal tissues. 9, 10 The convenience of oral administration and safe and manageable toxicity has made capecitabine concurrent RT a fascinating treatment modality for esophageal cancer. [11] [12] [13] To date, however, information on the clinical activity of capecitabine and cisplatin concurrent with RT in elderly patients with esophageal cancer is limited. 4 With this in mind, we conducted this retrospective study to evaluate the efficacy of CCRT with capecitabine and cisplatin for elderly patients with locally advanced ESCC compared to RT alone.
Methods

Patient selection
Between January 2009 and August 2011, all patients with ESCC were treated with RT alone or with the combination capecitabine and cisplatin chemotherapy regimen. The following eligibility criteria were used to assess patients: histologically confirmed squamous cell carcinoma; age ≥ 65 years; stage IIb or III (American Joint Committee on Cancer Staging Manual, 7th edition); Eastern Cooperative Oncology Group (ECOG) performance status 0-2; no previous therapy for esophageal cancer; adequate hepatic (total bilirubin ≤ 1.5 times the upper limit of normal, aspartate transaminase and alanine transaminase ≤ 2 times the upper limit of normal) and renal function (calculated creatinine clearance ≥ 60 mL/min, or serum creatinine < 1.5 mg/dL); and signed informed consent. Patients were deemed ineligible for surgery if they met the following criteria: refused to undergo surgery; had cervical esophageal cancer that required laryngopharyngeal esophagectomy, which is usually associated with disruption of speech and swallowing and compromises a patient's quality of life; and elderly patients and reduced performance status as determined by the presence of chronic medical illnesses.
Patients were considered ineligible for the study under the following conditions: other malignancy; previously received chemotherapy or RT; or medical comorbidities that would prevent the patient from completing the planned therapy. The independent ethics committees at Qianfoshan Hospital Affiliated with Shandong University and Shandong Cancer Hospital approved the study.
Pretreatment evaluation
Routine pre-treatment evaluation included a complete history and physical examination; barium X-ray esophagography; endoscopy of the upper gastrointestinal tract; biopsy of the primary tumor; and computed tomography (CT) scanning of the neck, chest, and abdomen with intravenous contrast. Endoscopic ultrasonography (EUS) and 
Treatment schedule and dose modification
For advanced esophageal cancer, infusional fluorouracil and capecitabine may be used interchangeably without compromising efficacy (except as indicated). Under these circumstances, cisplatin and oxaliplatin may also be used interchangeably (National Comprehensive Cancer Network Guidelines Version 1, 2015) .
According to the recommendations of previous clinical trials, the chemotherapy regimen was capecitabine (850 mg/m 2 , oral, twice daily) administered at days 1-14 every three weeks and cisplatin (20 mg/m 2 ) implemented through a one hour intravenous infusion on day 1 per week.
Radiation was administered on the first day of chemotherapy. All patients were treated with three-dimensional conformal radiotherapy (3D-CRT). In general, patients simulated under CT lay in the supineposition on an immobilization device. The gross tumor volume was determined from chest CT and PET-CT results, and included the primary tumor and the involved lymph nodes. The clinical target volume contained contours of the gross tumor volume along with a 1.5 cm circumferential and 4 cm superior/inferior expansion. For planning target volume, a 0.5 cm expansion beyond the clinical target volume was used. A total dose of 56.0-59. 4 Gy was administered in 30-33 fractions of 1.8-2.0 Gy/fraction with five fractions each week.
Evaluation of efficacy and toxicities
For the first two years, follow-up was performed every three months; thereafter, every six months. Patients were evaluated by CT scans, barium X-ray, or endoscopy every three months and whenever clinically indicated. Tumor response was evaluated by barium X-ray, CT scanning, 18 F-FDG PET-CT or EUS. Efficacy was determined according to Response Evaluation Criteria in Solid Tumors, including complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD).
14 CR on PET was defined as FDG uptake on the PET scan after treatments so that tumor tissue was indistinguishable from surrounding normal tissue, according to PET Response Criteria in Solid Tumors version 1.0. 15 The persistence or recurrence of the primary tumor and regional lymph nodes was defined as local/regional failure, while distant failure included metastasis to any site.
Safety and toxicity assessments were performed by regular patient interviews, laboratory tests, and physical examinations. Potential dose-limiting toxicities were graded according to National Cancer Institute Common Toxicity Criteria version 3.0. Chemotherapy and RT were withheld if the granulocyte count was < 1000 cells/μL or if the platelet count was < 50 000 cells/μL, and neither treatment was resumed until both measures recovered to 1500 and 75 000 cells/μL, respectively.
Statistical analysis
Overall survival (OS) was calculated from the initiation of treatment to the date of death or the last follow-up. Progression-free survival (PFS) was measured from the initiation of treatment to the date of radiographic evidence of tumor progression or death from any cause. Survival rates were estimated using the Kaplan-Meier method. Differences between the survival curves were compared with the log-rank test. Univariate and multivariate analyses were determined by Cox regression analysis. Statistical tests were based on a two-sided significance level, and P values of < 0.05 were considered significant. SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.
Results
Patient and treatment characteristics
Ninety-six patients were retrospectively included from January 2009 to August 2011, and 90 of these patients were evaluable. The patient characteristics are provided in Table 1 . There were 52 men and 38 women with a median age of 71 years (range 65-84); 64.4% of the patients were < 70. Forty-nine patients received CCRT, while the remaining 41 patients who refused chemotherapy were treated with RT alone. All patients had a performance status of 0-2. The median age of patients receiving CCRT (68.0 years) was slightly younger than those who received RT alone (71.3 years). The ratio of tumor length ≥ 5 cm in CCRT group (19/49) was higher than in the RT alone group (10/41); however, no statistically significant difference was observed in patients or tumor characteristics between the two arms.
Treatment response and survival
All 90 patients were evaluated for treatment efficacy. Seventeen patients (34.7%) in the CCRT group and 6 (14.6%) in the RT group achieved CR (P = 0.03). The overall response rate (ORR) was also significantly higher in the CCRT group (73.5%) than in the RT group (51.2%) (P = 0.029). The response rates of CCRT (n = 49) and RT (n = 41) groups are presented in Table 2 . The median OS for the entire patient cohort was 24.6 months. Compared to the RT group (16.6 months), the median PFS was obviously longer in the CCRT group (24.7 months) (P = 0.026) (Fig 1) . As shown in Figure 2 , the median OS was obviously longer in the CCRT group (30.6 months) than in the RT alone group (18.7 months) (P = 0.01). PD occurred in 14/90 (15.6%) patients, with no significant difference in treatment failures between the groups (P = 0.126). Local and distant failure rates were similar in both groups.
Multivariate analyses for prognostic factors
The prognostic factors of all patients are provided in Table 3 . Five risk factors, including tumor node metastasis (TNM) stage (stage II vs. stage III), ECOG performance status (≥ 2 vs.< 2), tumor length (≥ 5 cm vs.< 5 cm), weight loss (≥ 5 kg vs.< 5 kg), and chemotherapy treatment (yes vs.no) were characterized as significant independent prognostic factors. Patients at early TNM stage, good ECOG performance status, tumor length < 5 cm, and those receiving chemotherapy were likely to have improved prognosis. Further analysis also revealed that patients in the CCRT group with locoregional lymph node metastases had a better survival rate than those in the RT group.
Treatment toxicity
All 90 patients were assessable for acute toxicities (Table 4) . No treatment-related death occurred. Commonly reported adverse events related to the treatment were leukopenia, anemia, thrombocytopenia, nausea, vomiting, and pulmonary toxicity. Acute toxicities were more common with CCRT than RT. It is worthwhile noting that the occurrence of grade 1 and 2 toxicities was significantly higher in the combined arm rather than in the RT alone arm, especially for leukopenia (grade 1: 53.1 vs. 36.6%, grade 2: 24.5 vs. 14.6%; P = 0.017). The rate of grade 3 or 4 radiation esophagitis in the CCRT group (26.5%) was higher than in the RT alone group (20.6%), but the difference was not statistically significant (P = 0.168). Radiation pneumonitis was more common in the CCRT group, but the rate of clinically significant pneumonitis (≥ grade 3) was similar in both groups (P = 0.522).
Discussion
The standard treatment for elderly esophageal cancer patients (aged > 65) remains a subject of on-going debate given the aggressiveness of the disease and the relatively high toxicity associated with systemic and locoregional treatments. In the present study, a retrospective analysis of a small number of elderly patients with esophageal cancer showed that ORRs in the combined group (73.5%) were much higher than in the RT alone (51.2%). Our data also confirmed that CCRT improved OS. These findings suggest that combined modality using a chemotherapy regimen of capecitabine and cisplatin with RT is an appropriate treatment for select elderly patients. The optimal chemotherapy regimen for locally advanced ESCC has not yet been standardized. When deciding which regimen to use, it is important to consider clinical efficacy as well as safety and tolerability for patients with advanced ESCC. [16] [17] [18] [19] [20] The combination of 5-FU and cisplatin with RT is one of the most widely used chemotherapy regimens for advanced metastatic esophageal cancer, given its clinical efficacy and the radiosensitizing effect of each chemotherapy agent. 21 In the landmark RTOG 85-01 trial, the fiveyear OS for combined modality therapy was 26% (95% confidence interval 15-37%) compared to 0% following RT alone. 22 Tougeron et al. also conducted a large clinical trial with 109 patients aged > 70. Cisplatin/5-FU or cisplatin/irinotecan and 50-55 Gy RT was administered, yielding a two-year survival rate of 35.5% and median OS of 15.2 AE 2.8 months. However, the incidence of ≥ grade 3 adverse events was relatively high at 23.8%. 23 New chemotherapeutic agents are currently under investigation to improve chemoradiotherapy outcomes. A combination of capecitabine plus cisplatin has antitumor and radiosensitizing activities similar to those of 5-FU and cisplatin. 24 Lee et al. reported that the capecitabine/cisplatin regimen showed promising activity in metastatic ESCC with an ORR of 57.8% and median OS of 11.2 months. 25 A study of 18 patients treated with definitive chemoradiotherapy with capecitabine and cisplatin recorded an ORR of 100% and two-year OS of 70.7%. 12 Other clinical studies of different tumor types using concurrent capecitabine and RT have been conducted. Ahn et al. conducted a study of 31 patients with stage III/IV resectable laryngeal-hypopharyngeal squamous cell carcinoma treated with CCRT using the capecitabine/cisplatin regimen. 26 Twenty-three patients achieved CR in the primary site and 18 in the lymph nodes. During the 36-month follow-up period, anatomical laryngeal preservation was feasible in 27 patients. Gupta et al. conducted a study of 150 patients with locally advanced squamous cell cancer of the head and neck, and reported that patients receiving CCRT with capecitabine/cisplatin had a significantly higher ORR compared to those receiving cisplatin and 5-FU. 27 Treatment-related toxicity remains a significant problem associated with multimodality therapy for elderly patients with locally advanced ESCC. In our retrospective research, low-dose cisplatin per week and oral capecitabine with concurrent RT was tolerable. All 49 patients completed the six week chemotherapy regimen with concurrent thoracic RT as per the protocol. The number of patients who experienced grade 3 esophagitis and pneumonitis in our study was lower than that observed in patients treated with a conventional 5-FU and cisplatin regimen. Overall, esophagitis was the most common non-hematologic toxicity in studies using capecitabine/cisplatin CCRT. The rate of grade 4 esophagitis in the CCRT group (12.2%) was higher than in the RT alone group (5%). Although there was no statistically significant difference between the groups, the development of esophagitis is an important concern in this patient population. Aggressive supportive care with symptom management should always be provided to elderly patients undergoing combined modality therapy. This study has some limitations. First, this is a retrospective study with a relatively small patient size, and it was limited by the heterogeneity of the patient population. Although the baseline characteristics for both patient groups were similar, patients receiving CCRT tended to be younger and their primary tumor size was > 5 cm. An additional issue is that long-term toxicity was difficult to evaluate. Future clinical prospective trials should be conducted with a focus on identifying the optimum chemotherapy regimen, which would maximize clinical efficacy, minimize treatment-related toxicities, and improve overall quality of life, as well as attempt to identify the subset of elderly patients most likely to benefit from this treatment approach.
In summary, our study provides compelling evidence that CCRT with capecitabine and cisplatin and RT alone are both feasible and safe treatment options for elderly patients with locally advanced ESCC and good performance status. CCRT improved ORR and OS with manageable safety profiles compared to RT alone. For patients aged > 65 with good performance status, CCRT is superior to RT alone. Further studies investigating the CCRT approach with a capecitabine/cisplatin chemotherapy regimen are clearly warranted. 
